Chemotherapeutic drugs such as paclitaxel cause painful peripheral neuropathy in many cancer patients and survivors. Although NMDA receptors (NMDARs) at primary afferent terminals are known to be critically involved in chemotherapy-induced chronic pain, the upstream signaling mechanism that leads to presynaptic NMDAR activation is unclear. Group I metabotropic glutamate receptors (mGluRs) play a role in synaptic plasticity and NMDAR regulation. Here we report that the Group I mGluR agonist (S)-3,5-dihydroxyphenylglycine (DHPG) significantly increased the frequency of miniature excitatory postsynaptic currents (EPSCs) and the amplitude of monosynaptic EPSCs evoked from the dorsal root. DHPG also reduced the paired-pulse ratio of evoked EPSCs in spinal dorsal horn neurons. These effects were blocked by the selective mGluR5 antagonist 2-methyl-6-(phenylethynyl)-pyridine (MPEP), but not by an mGluR1 antagonist. MPEP normalized the frequency of miniature EPSCs and the amplitude of evoked EPSCs in paclitaxel-treated rats but had no effect in vehicle-treated rats. Furthermore, mGluR5 protein levels in the dorsal root ganglion and spinal cord synaptosomes were significantly higher in paclitaxel-than in vehicle-treated rats. Inhibiting protein kinase C (PKC) or blocking NMDARs abolished DHPG-induced increases in the miniature EPSC frequency of spinal dorsal horn neurons in vehicle-and paclitaxel-treated rats. Moreover, intrathecal administration of MPEP reversed pain hypersensitivity caused by paclitaxel treatment. Our findings suggest that paclitaxelinduced painful neuropathy is associated with increased presynaptic mGluR5 activity at the spinal cord level, which serves as upstream signaling for PKC-mediated tonic activation of NMDARs. mGluR5 is therefore a promising target for reducing chemotherapy-induced neuropathic pain. 2 The abbreviations used are: NMDAR, N-methyl-D-aspartate receptor; AP5, 2-amino-5-phosphonopentanoic acid; DHPG, (S)-3
Painful peripheral neuropathy is a major dose-limiting side effect of some commonly used chemotherapeutic agents, including paclitaxel, bortezomib, oxaliplatin, and vincristine (1, 2) . Persistent and severe pain may require dose reduction or cessation of chemotherapy, which can increase cancer-related morbidity and mortality. The pathophysiology of chemotherapy-induced neuropathic pain is not fully known, and treatment options remain limited. Glutamate released from the central terminals of nociceptive primary afferents is critically involved in nociceptive transmission in the spinal dorsal horn (3, 4) . Activation of glutamate-gated N-methyl-D-aspartate receptors (NMDARs) 2 and the resulting Ca 2ϩ influx through NMDAR channels are crucial for promoting synaptic plasticity in both physiological processes, such as learning and memory, and pathological conditions, such as neuropathic pain (5) (6) (7) . Treatment with paclitaxel or bortezomib potentiates nociceptive input from primary afferent nerves by inducing tonic activation of presynaptic NMDARs in the spinal cord via protein kinase C (PKC) (8, 9) . However, the upstream signaling mechanism that leads to activation of PKC and presynaptic NMDARs in chemotherapy-induced neuropathic pain remains unclear.
Glutamate activates 2 major types of receptors: fast-acting ionotropic glutamate receptors and G protein-coupled metabotropic glutamate receptors (mGluRs). Eight mGluR subtypes have been identified; they can be divided into 3 groups on the basis of their signal transduction mechanisms, pharmacology, and sequence homology (10) . In contrast to Group II mGluRs (mGluR2 and mGluR3) and Group III mGluRs (mGluR4, mGluR6, mGluR7, and mGluR8), which are coupled to inhibitory G␣ i/o proteins, Group I mGluRs (mGluR1 and mGluR5) preferentially activate phospholipase C via coupling to stimulatory G␣ q/11 proteins (11) . Activation of Group I mGluRs stimulates the phospholipase C␤-associated pathway, producing inositol 1,4,5-triphosphate and diacylglycerol. Inositol 1,4,5-triphosphate releases calcium from cellular stores, activating calcium-dependent ion channels; intracellular calcium and diacylglycerol stimulate PKC and its associated downstream signaling pathways (11, 12) . In the brain, Group I mGluRs are often activated when synaptic glutamate release increases (11, 13) . Chemotherapy-induced tonic activation of presynaptic NMDARs potentiates synaptic glutamate release in the spinal dorsal horn (8, 9) . Both Group I mGluRs and NMDARs are closely associated with maintaining long-lasting enhancement of excitatory synaptic transmission (14, 15) . Nevertheless, the role of Group I mGluRs and their link to PKCmediated presynaptic NMDAR activation in chemotherapy-induced neuropathic pain remain unknown.
Therefore, in this study, we sought to determine the role of Group I mGluRs in the regulation of glutamatergic synaptic transmission in the spinal dorsal horn in paclitaxel-induced neuropathic pain. We found that presynaptic mGluR5, a Group I mGluR, acts in concert with PKC and NMDARs to form a signaling cascade that maintains long-lasting enhancement of synaptic glutamate release to spinal dorsal horn neurons in paclitaxel-induced neuropathic pain. This new information extends our understanding of the molecular mechanisms of chemotherapy-induced neuropathic pain and points to new strategies to treat this condition.
Results

Stimulation of mGluR5 increases glutamatergic input to spinal dorsal horn neurons
Group I mGluRs are expressed in the dorsal root ganglion (DRG) and spinal dorsal horn (12, 16, 17) . We first recorded miniature excitatory postsynaptic currents (mEPSCs) in spinal cord lamina II neurons and determined whether stimulating mGluR1 or mGluR5 affects synaptic glutamate release to these neurons in naive rats. Bath application of (S)-3,5-dihydroxyphenylglycine (DHPG, 20 M), a combined mGluR1 and mGluR5 agonist (15, 18) , significantly increased the baseline frequency, but not the amplitude, of mEPSCs in all lamina II neurons examined (n ϭ 8 neurons, Fig. 1, A and B) .
Because there are no selective agonists for mGluR1 and mGluR5, we used DHPG plus (S)-(ϩ)-␣-amino-4-carboxy-2methylbenzeneacetic acid (LY367385) to activate mGluR5, and DHPG plus 2-methyl-6-(phenylethynyl)-pyridine (MPEP) to activate mGluR1. MPEP is the most potent and specific noncompetitive antagonist for mGluR5 (16, 19) , whereas LY367385 is a highly selective mGluR1 antagonist (15, 20) . Bath application of DHPG (20 M) plus LY367385 (50 M) significantly increased the mEPSC frequency of lamina II neurons in naive rats (n ϭ 10 neurons, Fig. 1 , C and D). However, application of MPEP (20 M) plus DHPG had no significant effect on the mEPSC frequency of lamina II neurons (n ϭ 10 neurons, Fig. 1 , C and D). These results suggest that mGluR5 activation potentiates glutamatergic excitatory input to spinal dorsal horn neurons.
Stimulation of mGluR5 increases glutamatergic input from primary afferent terminals to spinal dorsal horn neurons
To determine specifically whether mGluR5 at primary afferent terminals is involved in regulating glutamatergic input to spinal cord dorsal horn neurons, we recorded monosynaptic EPSCs of spinal lamina II neurons evoked from the dorsal root, which correspond to induced glutamate released from primary sensory nerves (8, 21) . Because the amplitude of evoked EPSCs largely depends on the intensity of the stimulation, we normalized it to the baseline amplitude for each recorded neuron. Bath application of 20 M DHPG significantly increased the amplitude of monosynaptic EPSCs of lamina II neurons from naive rats (n ϭ 9 neurons, Fig. 2, A and B) . To confirm the presynaptic action of DHPG, we also examined the effect of DHPG on the paired-pulse ratio (PPR) of monosynaptically evoked EPSCs in spinal dorsal horn neurons. Bath application of DHPG significantly reduced the PPR of evoked EPSCs in lamina II neurons (n ϭ 10 neurons, Fig. 2, A and B) .
In addition, we determined whether selectively stimulating mGluR1 or mGluR5 affects synaptic glutamate release from primary afferent terminals. Bath application of 20 M DHPG plus 50 M LY367385 (for activating mGluR5) significantly increased the amplitude of monosynaptic EPSCs of lamina II neurons from naive rats (n ϭ 14 neurons, Fig. 2 , C and D). However, bath application of DHPG plus 20 M MPEP (for activating mGluR1) had no effect on the amplitude of evoked EPSCs of lamina II neurons (n ϭ 10 neurons). Furthermore, we examined the effect of stimulating mGluR1 or mGluR5 on the PPR of monosynaptically evoked EPSCs in spinal dorsal horn neurons from naive rats. Bath application of DHPG plus LY367385 significantly reduced the PPR of evoked EPSCs from baseline levels (n ϭ 14 neurons, Fig. 2 , C and D). In contrast, bath application of DHPG plus MPEP had no significant effect on the PPR of evoked EPSCs (n ϭ 14 neurons). Together, these results suggest that presynaptic mGluR5 at primary afferent terminals controls glutamatergic input to spinal dorsal horn neurons.
Presynaptic mGluR5 mediates paclitaxel-induced increases in synaptic glutamate release to spinal dorsal horn neurons
We next determined whether presynaptic mGluR5 plays a role only in the paclitaxel-induced increase in glutamatergic input to spinal dorsal horn neurons. We examined the differential effect of MPEP on the mEPSCs of lamina II neurons from vehicle-and paclitaxel-treated rats. Bath application of 1 to 20 M MPEP decreased the frequency, but not the amplitude, of mEPSCs in lamina II neurons from paclitaxel-treated rats in a concentration-dependent manner (n ϭ 9 neurons, Fig. 3 ). At 20 M, MPEP application completely normalized paclitaxel-induced increases in the frequency of mEPSCs to the level observed in neurons of vehicle-treated rats. In contrast, MPEP had no effect on the frequency or amplitude of mEPSCs in lamina II neurons from vehicle-treated rats (n ϭ 8 neurons, Fig. 3 ). These data suggest that presynaptic mGluR5 plays a critical role in the paclitaxel-induced increase in synaptic glutamate release to spinal dorsal horn neurons.
mGluR5 mediates paclitaxel-induced increases in glutamatergic transmission from primary afferent nerves to spinal dorsal horn neurons
We next determined whether mGluR5 is involved in paclitaxel-induced increases in glutamatergic transmission between primary afferent nerves and spinal dorsal horn neurons. We recorded EPSCs of spinal lamina II neurons monosynaptically evoked from the dorsal root using a constant stimulation intensity. The baseline amplitude of the evoked EPSCs was signifi-
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cantly higher in paclitaxel-treated rats than in vehicle control rats ( Fig. 4 , A-C). Bath application of 20 M MPEP normalized the increased amplitude of evoked EPSCs of lamina II neurons from paclitaxel-treated rats (n ϭ 10 neurons, Fig. 4 , A-C) but had no effect in neurons from vehicle-treated rats (n ϭ 9 neurons). Furthermore, we examined the effect of MPEP on the PPR of monosynaptically evoked EPSCs in spinal dorsal horn neurons. Bath application of MPEP reversed the reduction in the PPR of evoked EPSCs observed in neurons from paclitaxeltreated rats (n ϭ 10 neurons, Fig. 4 , B-D) but had no effect in neurons from vehicle-treated rats (n ϭ 9 neurons). These results suggest that increased presynaptic mGluR5 activity at primary afferent terminals mediates paclitaxel-induced potentiation of glutamatergic synaptic input to spinal dorsal horn neurons.
Paclitaxel treatment increases the mGluR5 protein levels in the DRG and dorsal spinal cord synaptosomes
Because mGluR5 is expressed in primary sensory neurons in the DRG (12), we quantified paclitaxel-induced changes in the level of mGluR5 protein in the DRG. Western immunoblotting detected a single band corresponding to the correct molecular mass (ϳ160 kDa) of mGluR5 protein in DRG tissues (Fig. 5A ). The mGluR5 level in the DRG tissue was significantly higher in paclitaxel-treated rats than in vehicle-treated rats (n ϭ 8 rats in each group, Fig. 5, A and B) .
Because the electrophysiological recording data (Figs. 3 and 4) showed that presynaptic mGluR5 activity in the spinal dorsal horn is increased by paclitaxel treatment, we also measured mGluR5 protein levels in synaptosomes isolated from the dorsal spinal cord. Western immunoblotting showed that mGluR5 protein levels in spinal cord synaptosomes were also significantly higher in paclitaxel-than in vehicle-treated rats (n ϭ 8 rats in each group, Fig. 5 , C and D).
mGluR5 activation increases synaptic glutamate release to spinal dorsal horn neurons via PKC
PKC plays a critical role in the paclitaxel-induced increase in synaptic glutamate release in the spinal cord (8) . Because mGluR5 activation leads to increased PKC activity (11), we determined whether PKC plays a role in mGluR5-mediated increases in synaptic glutamate release. It has been shown that chelerythrine, a specific membrane-permeable PKC inhibitor, inhibits PKC activity in spinal cord slices (8, 22) . In vehicletreated rats, bath application of 20 M DHPG had no effect on the baseline frequency or amplitude of mEPSCs in spinal cord slices that had been incubated with 10 M chelerythrine for 30 to 60 min (n ϭ 8 neurons, Fig. 6 , A and B, versus Fig. 1, A and B) . In paclitaxel-treated rats, chelerythrine treatment normalized the increased baseline frequency of mEPSCs of lamina II neurons (n ϭ 10 neurons, Fig. 6 , C and D, versus Fig. 3 , B and C). In Glutamatergic signaling in chemotherapy-induced pain these neurons, further bath application of 20 M DHPG had no effect on the frequency of mEPSCs. These findings suggest that PKC is critically involved in the mGluR5-mediated glutamatergic input to spinal dorsal horn neurons that is potentiated by paclitaxel treatment.
mGluR5 activation increases synaptic glutamate release to spinal dorsal horn neurons via presynaptic NMDARs
Blocking mGluR5 (Figs. 3 and 4) or NMDARs (8) normalizes paclitaxel-induced increases in synaptic glutamate release to spinal dorsal horn neurons. We next determined whether NMDARs are involved in mGluR5-medated increases in synaptic glutamate release to spinal dorsal horn neurons. In the presence of the specific NMDAR antagonist 2-amino-5-phosphonopentanoic acid (AP5, 50 M), application of 20 M DHPG had no significant effect on the frequency or amplitude of mEP-SCs recorded from lamina II neurons of vehicle-treated rats (n ϭ 8 neurons; Fig. 7, A and B) . In another 8 lamina II neurons recorded from paclitaxel-treated rats, bath application of AP5 normalized the increased mEPSC frequency. In these neurons, subsequent application of DHPG failed to increase the frequency of mEPSCs in the presence of AP5 (n ϭ 8 neurons; Fig.  7, C and D) . These results suggest that mGluR5 activation increases the glutamatergic input to spinal dorsal horn neurons that is stimulated by paclitaxel treatment through presynaptic NMDARs.
Blocking mGluR5 at the spinal cord level reverses paclitaxelinduced pain hypersensitivity
In addition, we determined the functional significance of mGluR5 in the regulation of nociceptive transmission at the spinal cord level in paclitaxel-treated rats. We tested the effect of intrathecal injection of MPEP on the tactile and nociceptive withdrawal thresholds in both vehicle-and paclitaxel-treated rats. Paclitaxel treatment caused a large reduction in the paw withdrawal threshold in response to the tactile and noxious pressure stimuli ( Fig. 8 ). Intrathecal administration of 10 -60 g of MPEP significantly reduced tactile allodynia and mechanical hyperalgesia in paclitaxel-treated rats in a dose-dependent manner (n ϭ 8 rats in each group, Fig. 8 ). The effect of MPEP reached its maximum about 30 min after intrathecal injection and lasted for about 120 min. By contrast, intrathecal injection of 60 g of MPEP had no significant effect on the tactile or pressure withdrawal thresholds in vehicle-treated rats (n ϭ 8 rats, Fig. 8 ). These data indicate that increased mGluR5 activity at the spinal cord level contributes to the pain hypersensitivity induced by paclitaxel treatment.
Discussion
In this study, we showed that stimulation of presynaptic mGluR5, but not mGluR1, increases glutamatergic input to spinal dorsal horn neurons. In this regard, DHPG, a selective Group I mGluR (mGluR1 and mGluR5) agonist, profoundly increased the frequency of mEPSCs of spinal dorsal horn neurons. DHPG also significantly increased the amplitude of EPSCs monosynaptically evoked from the primary afferent nerves and reduced the PPR of evoked EPSCs. Furthermore, these effects of DHPG were abolished by blocking mGluR5 with MPEP, but not by blocking mGluR1 with LY367385. Our findings are consistent with those of previous molecular and biochemical studies showing that mGluR5, but not mGluR1, is expressed in DRG neurons and primary afferent nerve terminals in the superficial spinal dorsal horn (12, 17) . Our electrophysiological data indicate that stimulation of mGluR5 on primary afferent nerve terminals potentiates synaptic glutamate release to spinal dorsal horn neurons.
A major finding of our study is that paclitaxel treatment induces tonic activation of presynaptic mGluR5, which is in return responsible for the increased glutamatergic input to spinal dorsal horn neurons that promotes neuropathic pain. We demonstrated that MPEP reduced the frequency of mEPSCs of neurons of paclitaxel-treated rats in a dose-dependent manner. MPEP also normalized the amplitude of EPSCs evoked from primary afferent nerves and the PPR of evoked EPSCs, both of which has been altered by paclitaxel treatment. These findings indicate that presynaptic mGluR5 is tonically activated by ambient glutamate in paclitaxel-treated rats. Furthermore, our results suggest that mGluR5 is up-regulated at the synaptic sites of the spinal dorsal horn in paclitaxel-induced neuropathic pain. Because mGluR5 is highly expressed in the DRG (12, 16) , it is possible that mGluR5 is synthesized in DRG neurons and transported to the central terminals of primary afferent nerves in the spinal cord. However, we found that blocking mGluR5 activity had no effect on synaptic glutamate release from primary afferent nerves in vehicle-treated rats. This differential effect of mGluR5 blockade in paclitaxel-treated and control rats suggests that presynaptic mGluR5 is silent under normal conditions but is tonically activated at primary afferent nerve terminals after paclitaxel treatment.
It is unclear how paclitaxel treatment increases the mGluR5 protein level at presynaptic terminals in the spinal cord. mGluR5 physically interacts with tubulins (23) for microtubule-dependent active axonal transport. Paclitaxel, by causing microtubule stabilization, may impair axonal transport of mGluR5 in DRG neurons (24) to increase its accumulation in the DRG and at the primary afferent nerve terminals. Alternatively, paclitaxel-induced DRG neuronal damage may lead to augmented mGluR5 protein synthesis and transport to the presynaptic terminals in the spinal dorsal horn. The sources of glutamate for the paclitaxel-induced tonic activation of presynaptic mGluR5 probably include the same primary afferent terminals, excitatory interneurons in the dorsal horn, and/or surrounding synapses and glial cells (4, (25) (26) (27) . 
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Data from this and other recent studies indicate that blocking mGluR5, PKC, or NMDARs normalized the increased glutamatergic input from the central terminals of primary afferent nerves caused by paclitaxel (8) . However, the direct link between mGluR5, PKC, and NMDARs in the spinal dorsal horn remains elusive. PKC is involved in NMDAR phosphorylation (9) and in mGluR5-mediated potentiation of NMDAR currents in the brain (15, 28) . In the present study, PKC inhibition abolished DHPG-induced increases in the mEPSC frequency of dorsal horn neurons from vehicle-and paclitaxel-treated rats. We also found that blocking NMDARs abolished the stimulatory effect of DHPG on the mEPSC frequency in spinal cord neurons from both vehicle-and paclitaxel-treated rats. Thus, presynaptic mGluR5 probably serves as an upstream signal for PKC and NMDAR activation, increasing glutamatergic input to spinal dorsal horn neurons and leading to chemotherapy-related neuropathic pain.
Our study provides new in vivo evidence about the causal relationship between augmented mGluR5 activity at the spinal cord level and pain hypersensitivity induced by paclitaxel. We showed that blocking mGluR5 at the spinal cord level profoundly attenuated tactile allodynia and mechanical hyperalgesia induced by paclitaxel. However, mGluR5 blockade had no effect on normal nociception in control rats. A similar differential effect of mGluR5 antagonists has been shown in other chronic pain models (16, 29) . Our findings have important therapeutic implications, as blocking mGluR5 at the spinal cord level could conceivably be an effective strategy for treating chemotherapy-induced painful neuropathy.
In summary, our findings indicate that paclitaxel treatment causes up-regulation and tonic activation of presynaptic mGluR5, which in turn augments augmented glutamatergic input to spinal dorsal horn neurons via PKC and NMDARs. Together, the mGluR5-PKC-NMDAR-glutamate release may form a signaling cascade and a positive feedback loop leading to sustained nociceptive input and pain hypersensitivity after paclitaxel treatment. Because mGluR5 is preferentially involved in augmenting spinal nociceptive transmission in paclitaxel-induced chronic pain but not in physiological pain conditions, mGluR5 could be a desirable target for development of effective therapies specifically for chemotherapy-induced neuropathic pain.
Experimental procedures
Animal model and paclitaxel treatment
Experiments were carried out using adult male Sprague-Dawley rats (220 -250 g; Harlan, Indianapolis, IN). A total of 78 rats was used for the entire study. All procedures and protocols were approved by the Institutional Animal Care and Use Committee of The University of Texas MD Anderson Cancer Center and were performed in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals. 
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To induce peripheral neuropathy, we injected rats intraperitoneally with 2 mg/kg of paclitaxel (TEVA Pharmaceuticals, North Wales, PA) on 4 alternate days, as described previously (8, 30) . Rats in the control group received intraperitoneal injection of the vehicle (Cremophor EL/ethanol, 1:1) on the same 4 alternate days. We confirmed the presence of mechanical hyperalgesia and tactile allodynia in the hindpaws of the rats 10 to 12 days after the completion of paclitaxel treatment. All terminal experiments were conducted 2 to 3 weeks after the last paclitaxel or vehicle injection.
Nociceptive behavioral tests
To determine tactile sensitivity, we placed rats individually on a mesh floor within suspended chambers and allowed them to acclimate for at least 30 min. We applied a series of calibrated von Frey filaments (Stoelting, Wood Dale, IL) perpendicularly to the plantar surface of both hindpaws with sufficient force to bend the filament for 6 s. Brisk withdrawal or flinching of the paw was considered a positive response. In the absence of a response, we applied the filament of the next greater force. After a response, we applied the filament of the next lower force. The tactile stimulus with a 50% likelihood of producing a withdrawal response was calculated using the "up-down" method (31) .
To measure the mechanical nociceptive threshold, we conducted the paw pressure (Randall-Selitto) test on the left hindpaw using an analgesiometer (Ugo Basile, Varese, Italy). To activate the device, we pressed a foot pedal to activate a motor that applied a constantly increasing force on a linear scale. When the animal displayed pain by either withdrawing the paw or vocalizing, the pedal was immediately released, and the ani-mal's nociceptive threshold was recorded (32, 33) . Each trial was repeated 2 or 3 times at ϳ2-min intervals, and the mean value was used as the force to produce a withdrawal response.
Spinal cord slice preparation
Rats were anesthetized with 2 to 3% isoflurane, and the lumbar spinal cord at the L3-L6 level was removed through laminectomy. The spinal cord tissues were placed in an ice-cold sucrose artificial cerebrospinal fluid presaturated with 95% O 2 and 5% CO 2 . The artificial cerebrospinal fluid contained (in mM) 234 sucrose, 3.6 KCl, 1.2 MgCl 2 , 2.5 CaCl 2 , 1.2 NaH 2 PO 4 , 12.0 glucose, and 25.0 NaHCO 3 . A vibratome was used to slice the spinal cord tissue transversely into 400-m sections. The slices were preincubated in Krebs solution oxygenated with 95% O 2 and 5% CO 2 at 34°C for at least 1 h before being transferred to the recording chamber. The Krebs solution contained (in mM) 117.0 NaCl, 3.6 KCl, 1.2 MgCl 2 , 2.5 CaCl 2 , 1.2 NaH 2 PO 4 , 11.0 glucose, and 25.0 NaHCO 3 .
Electrophysiological recordings in spinal cord slices
The spinal cord slice was placed in a glass-bottomed chamber and continuously perfused with Krebs solution at 5.0 ml/min at 34°C. Lamina II outer zone neurons were visualized on an upright fixed-stage microscope with differential interference contrast/infrared illumination and selected for recordings. Most (Ͼ85%) lamina II neurons are glutamate-releasing excitatory interneurons (34) that predominantly receive nociceptive input from primary afferent nerves (3) . EPSCs were recorded using whole-cell voltage-clamp techniques (3, 35) . The impedance of the glass recording electrode was 4 -7 M⍀ when it was filled with the internal solution containing (in mM) EPSCs were evoked from the dorsal root using a bipolar tungsten electrode connected to a stimulator (0.2 ms, 0.5 mA, 0.1 Hz) (27, 35) . Monosynaptic EPSCs were identified on the basis of the constant latency and absence of conduction failure of evoked EPSCs in response to a 20-Hz electrical stimulation, as we described previously (27, 35) . To measure the PPR, 2 EPSCs were evoked by a pair of stimuli administered at 50-ms intervals. The PPR was expressed as the ratio of the amplitude of the second synaptic response to the amplitude of the first synaptic response (8, 27) . In addition, miniature EPSCs (mEPSCs) were show that application of 20 M DHPG had no effect on the frequency and amplitude of mEPSCs of lamina II neurons from vehicle-treated rats' spinal cord slices incubated with 10 M chelerythrine (n ϭ 8 neurons, 4 rats). C and D, original recording traces and cumulative plots (C) and box-and-whisker plots (D) show that application of 20 M DHPG had no effect on the frequency or amplitude of mEPSCs of lamina II neurons from paclitaxel-treated rats' spinal cord slices incubated with chelerythrine (n ϭ 10 neurons, 5 rats). Box-and-whisker plots show medians, 25th, and 75th percentiles, and ranges. 
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recorded in the presence of 2 M strychnine, 10 M bicuculline, and 1 M tetrodotoxin at a holding potential of Ϫ60 mV (32, 36) . The input resistance was monitored, and the recording was abandoned if it changed by more than 15%. Synaptic currents were recorded using an amplifier (MultiClamp 700A, Axon Instruments, Foster City, CA), filtered at 1-2 kHz, and digitized at 10 kHz. Only 1 neuron was recorded in each spinal cord slice, and at least 3 rats were used in each recording protocol.
All drugs were freshly prepared in artificial cerebrospinal fluid before the experiments and delivered via syringe pumps to reach their final concentrations. AP5 and (S)-(ϩ)-␣-amino-4carboxy-2-methylbenzeneacetic acid (LY367385) were purchased from HelloBio (Princeton, NJ). DHPG and MPEP were purchased from Abcam (Cambridge, MA).
Western immunoblotting
Two weeks after the end of treatment with paclitaxel or vehicle, the rats were anesthetized with 3% isoflurane, and the lumbar DRGs and dorsal spinal cord tissues were rapidly removed. The DRG tissues were homogenized in ice-cold radioimmunoprecipitation assay buffer containing mixtures of the protease and phosphatase inhibitors. The DRG homogenate was centrifuged at 12,000 ϫ g for 10 min at 4°C, and the supernatant was collected. The spinal cord tissues were homogenized in 10 volumes of ice-cold HEPES-buffered sucrose (0.32 M sucrose, 1 M EGTA, and 4 mM HEPES, pH 7.4) containing the protease inhibitor mixture (Sigma). The homogenate was centrifuged at 1,000 ϫ g for 10 min at 4°C to remove the nuclei and large debris. The supernatant was centrifuged at 10,000 ϫ g for 15 min to obtain the crude synaptosomal fraction. The synaptosomal pellet was lysed via hypo-osmotic shock in 9 volumes of ice-cold HEPES-buffer with the protease inhibitor mixture for 30 min. The lysate was centrifuged at 25,000 ϫ g for 20 min at 4°C to obtain the synaptosomal membrane fraction.
Samples were subjected to 12% SDS-polyacrylamide gel electrophoresis and transferred to a polyvinylidene difluoride membrane. The blots were probed with rabbit polyclonal anti-mGluR5 antibody (catalog number AGC-007, Alomone Laboratories, Jerusalem, Israel). We have shown that this mGluR5 antibody detects a single protein band that matches the molecular mass (ϳ160 kDa) of mGluR5 (16) . An ECL kit (GE Healthcare) was used to detect the protein band, which was visualized and quantified with an Odyssey Fc Imager (LI-COR Biosciences, Lincoln, NE). We used PSD95 (catalog number 75-348, NeuroMab, Davis, CA) as the protein loading control for spinal cord synaptosomes, and GAPDH (catalog number ab9485, Abcam) as the loading control for the DRG tissue. The amount of mGluR5 protein in the DRG and spinal cord synaptosomes was normalized to the amount of GAPDH and PSD95, respectively, in the same blots. The mean value of mGluR5 protein in vehicle-treated rats was considered to be 1. 
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